antibacterial immunity by repressing auxin signaling (Navarro et al., 2005) . Several studies 1 0 5 have uncovered the miRNA-mediated silencing of immune receptor gene (R-gene) transcripts. This growing body of evidence suggests that sRNAs are integral components of plant 1 1 1 immunity. However, none of the studies performed so far investigated the sRNA regulatory 1 1 2 network in potato-virus interaction at the systems level linking it to transcriptional regulation. The aim of this study was to investigate sRNAs' role in establishment of the tolerant response 1 1 4 of potato to PVY NTN , hence we have studied response in the early stage of the infection, before the viral multiplication can be detected. Employing high-throughput sequencing 1 3 2 accession no. AJ585342) as described previously (Stare et al., 2015) . Plant material of the respectively. Three plants from each group were monitored for plant height, till 21 dpi, when 1 3 7 they all started to senesce. The same experimental set up was designed also for analysis of 1 3 8 transgenic NahG-Désirée plants (Halim et al., 2004) . 21.67 ± 0.6 min. The amounts of endogenous hormone contents were calculated from the 2 9 1 signal ratio of the unlabeled over the stable isotope-containing mass fragment observed in the 2 9 2 parallel measurements. Significant changes in hormone concentrations between treatment-2 9 3 genotype groups were determined by ANOVA followed by LSD post hoc analysis (Benjamini Hochberg FDR p-value adjustment, alpha = 0.05) using the Agricolae R package. To identify SA regulated genes in cv. Désirée the normalized expression values between 2 9 8 mock NahG-Désirée vs. Désirée and PVY-infected NahG-Désirée vs. Désirée samples were MapMan ontology as the source of the gene sets. The sRNA and Degradome-Seq data can be accessed at the NCBI's Gene expression omnibus We identified 245 different previously described miRNAs (including 38 miRNA variants;
3 1 9 isomiRs), belonging to 95 miRNA families in control and PVY NTN -infected leaves of cv.
Désirée using sRNA-Seq (Figure S1 , Dataset S1). In addition, 141 novel miRNAs were 3 2 1 detected, of those 12 were coded by multiple MIR loci. Novel miRNA sequences were 3 2 2 assigned to 123 novel miRNA families (Dataset S1 and S2). When assessing the miRNA regulatory network, the amplification of silencing through 3 2 5
phasiRNA biogenesis was also considered. In total, more than 400 PHAS loci were predicted, we also searched for miRNAs with the ability to trigger phasiRNA production and similarly 3 3 0
to previous reports (Li et al., 2011; Shivaprasad et al., 2012) , we observed that the vast 3 3 1 majority of predicted miRNA triggers belong to miR482, miR6023, miR6024 and miR6027 3 3 2 families (Dataset S5). We further compared miRNA expression profiles of PVY NTN -infected versus mock-3 3 5
inoculated leaves in early stages of virus infection (3 dpi, 1 day before detectable viral 3 3 6 multiplication; (Baebler et al., 2011; Stare et al., 2015) ). In total, 61 unique miRNAs were 3 3 7
found to be significantly differentially expressed in early stages of PVY NTN infection (3 dpi) (Dataset S1). Additionally, we identified 36 phasiRNAs as differentially regulated 3 dpi, In previous studies, a plethora of potato miRNA/phasiRNAs has been shown to be 3 4 6 differentially expressed following pathogen infection. However, the biological relevance of (Dataset S6 and S7). Our data also showed the miR393-mediated cleavage of transcripts signaling (Figure 1 ) (Si-Ammour et al., 2011) . We also discovered that these transcripts were 3 6 0 targets of several TIR1-derived phasiRNAs (phasiTIRs) (Figure 1 , Dataset S6 and S7). Moreover, our in silico analysis predicted that the miR393-and phasiTIR-network is targeting and StOPR1, were also confirmed by degradome sequencing. Interestingly, our analysis also 3 6 6
showed that the majority of differentially expressed miRNAs and phasiRNAs target genes are phytohormones (Figure 2A ). Analysis of the differentially expressed miRNAs and phasiRNAs together with the levels of multiple NBS-LRR targets (Figure S4, Dataset S6 and S7 ) due to the shared conserved P- -Brière et al., 2009; Mao et al., 2013; Yan et al., 2015) . In addition to NBS-LRR decrease in response to PVY NTN infection in cv. Désirée, which is further linked to 3 9 5 upregulation of its predicted target genes encoding LRR-RLKs (Figure S4A, Dataset S6) . The primary plant defence mechanism against invading viruses is RNA silencing involving to take into account the unlikely possibility that PVY NTN produces its own miRNAs, we first 4 0 3 ran the miRNA prediction pipeline on vsiRNAs and the viral genome. However, we found no infection are reflected also in the changes of their target transcripts levels (Figure 2B ,
Lelandais
Dataset S6). GA20-oxidase (GA20ox) and GA3-oxidase (GA3ox) are enzymes that catalyze 4 2 1 the last steps in the formation of bioactive GAs (Yamaguchi, 2008) . In Désirée plants Additionally, vsiRNAs were found to target transcripts encoding two enzymes involved in 4 2 8
GA biosynthesis StGA1 and StGA20ox (Figure 2B, Dataset S9) . One also has to note that all 4 2 9
of the miRNAs/phasiRNAs discovered to be involved in sRNA-GA biosynthesis regulation Dataset S6). Désirée plants (Figure 2C) . The levels of SA, jasmonic acid (JA), the JA precursor 12- unchanged at 3 dpi (Figure 2C, Dataset S10) . To inspect if GA deficiency has any impact on In silico prediction showed interconnection between miRNA regulatory network and the promoters of the MIR6022 and MIR482f genes (Dataset S11). Moreover, these genes responsiveness were identified in the promoter of the MIR482f gene (Dataset S11). In all 4 6 0 these four analyzed promoter sequences NAC transcription factor binding sites were detected.
6 1
The promoter of MIR167e is only partially assembled in the current version of the potato 4 6 2 genome; thus, the promoter analysis was performed only for the first 80 nt upstream of the 4 6 3 predicted hairpin precursor sequence (Dataset S11). As the link between repression of GA signaling and disease symptoms severity was already previously that SA depletion breaks the equilibrium between disease and tolerance. In NahG- of this susceptible genotype with the virus. Interestingly, we found that the overall response of sRNAs was attenuated in NahG-Désirée at 3 dpi. In NahG-Désirée only 28 miRNAs were Désirée plants (Figure 3 and 4A , Dataset S1). Inspecting specifically the discovered link between sRNAs regulation, GA signaling and 4 8 1 immune signaling in the sRNA and transcriptional datasets we observed that the responses of 4 8 2 miR167e and miR319a were diminished in NahG-Désirée plants (Figure 4B , Dataset S1).
8 3
Interestingly, although the phasiRNA931 was also upregulated in NahG-Désirée plants, albeit 4 8 4
to a lower extent, this was not translated into downregulation at the target transcript level 4 8 5
( Figure 4B, Dataset S6) . Adding to the significance of this finding, in NahG-Désirée plants, the level of bioactive GA was not significantly different in infected leaves (Figure 4C) .
Furthermore, the relieved silencing of LRR-RLKs by miR6022 that is predicted to modulate 4 8 8
the immune response and which is also linked with GAMYBs was absent in NahG-Désirée plants (Figure S4B) . We also inspected sRNA-mediated responses which resembled 4 9 0 responses in mutualistic symbioses in tolerant plants of Désirée and found that miR482e was 4 9 1 also upregulated in NahG plants, while regulation of miR164, miR167, miR169, miR171, 4 9 2 miR319, miR390 and miR393, was diminished (Dataset S1). To evaluate the direct effect of the SA deficiency in NahG plants, independently of the viral 4 9 5
infection, we also compared the sRNA expression profiles in mock-inoculated leaves of non-4 9 6
transgenic and SA-depleted Désirée (Figure 3) . We found 36 miRNAs regulated by SA. It NahG-Désirée plants (Dataset S1). When we similarly compared the transcript expression 5 0 0
profiles of the two genotypes we noticed that the most strongly induced by SA signaling are 5 0 1 notably different WRKY transcription factors ( Table 1 , Dataset S12 and S13), among them 5 0 2 orthologues of Arabidopsis WRKY70, which was already shown to be positively regulated by transcription factors binding sites (Dataset S11), we discovered a potential direct link 5 0 5
between SA signaling and miRNA regulatory network in potato. This link was experimentally 5 0 6
confirmed by differential response of these three miRNAs to PVY infection in non-transgenic 5 0 7
versus SA-depleted genotype. miR319a was only induced following PVY infection in non- SA responsive elements in their promoter regions (Figure 5 , Dataset S1 and S11). We hypothesized that fine-tuned regulation of subsets of genes involved in defensive 5 1 5 signaling can interfere with developmental signaling, which could explain decreased symptom 5 1 6 severity in plants expressing tolerance to virus infection. The sRNAs have proven to be an 5 1 7
important level for precise regulation of several developmental processes (Fouracre and 5 1 8
Poethig, 2016). We here show that the integration of sRNA network and transcriptional 5 1 9
regulation is also crucial in the entanglement of immune responses and developmental 5 2 0 processes. Integration of the sRNA expression and expression profiles of their targets confirmed many 5 2 3
known, but also revealed some novel regulatory circuits associated with immunity regulation 5 2 4
and hormone signaling (Figure 1 and 2, Figure S3 and S4, Dataset S6 and S7). When signaling (Navarro et al., 2005) . A similarly complex miR393/miR396/phasiTIR auxin 5 4 7 signaling network was predicted in this study, yet showing links also to other hormonal 5 4 8
